Propagation and protection are two major considerations in the commercialisation of new flower bulb crops. Many propagation techniques are used with bulbous crops but the use of bioreactors might be necessary for the rapid, economical, commercialisation of new cultivars (cvs.). Some commercial bioreactors are now being developed for flower bulbs. Nodular callus was induced for two Narcissus cvs., Golden Harvest (GH) and St. Keverne (SK). After regeneration trials on semi solid media, up to 519 shoots g -1 callus for GH and 309 g -1 for SK were achievable in a year. Trials with nodular callus in RITA bioreactors were promising, but further work is needed to speed up the system. Protection of bulb crops usually involves an integrated approach utilising multiple control methods, frequently including the use of agrochemicals. A desire to reduce agrochemical use has led, in some cases, to the use of transformation technology for pest and disease resistance. Where not appropriate, or politically unacceptable, marker assisted breeding has sometimes been investigated for more rapid and economical cultivar (cv.) improvement than conventional breeding could allow. Marker assisted breeding, using AFLP technology, is now being developed for Narcissus to move resistance to Fusarium oxysporum f. sp. narcissi, the worst disease problem faced by Narcissus growers in the UK, from wild species/resistant cvs. into susceptible/new cvs.
INTRODUCTION
A major consideration in the commercialisation of a new flower bulb crop is how to economically clone enough material quickly. Another major consideration is how to protect that crop from pests and diseases. This paper explores current practices and future prospects for the propagation and protection of flower bulb crops. Special reference is given to approaches with Narcissus. Information has been incorporated from answers to questionnaires sent out to flower bulb researchers, producers and hobbyists throughout the world, a month before the 'IXth International Symposium on Flower Bulbs'. The addressees included, among others, all the people on the mailing list for this symposium and its predecessor in Cape Town from 2000.
In this paper, 'flower bulbs' should be taken to mean all geophytes that are grown primarily for their flowers. Furthermore, protection should be taken to mean that against pests and diseases and not defence against environmental extremes or other factors.
PROPAGATION
A multitude of propagation techniques have been used with flower bulbs. They include seed production and natural vegetative propagation; ex vitro cloning techniques such as scooping, scoring, chipping, scaling and twin scaling; and in vitro cloning procedures producing storage organs and/or plantlets (via organogenesis and/or somatic embryos) from storage organs, roots, leaves, stems and flower parts. The kind of approach will depend on the aim of the project and the cost of resources. For example, chipping, twin scaling and micropropagation may be appropriate for a new valuable Narcissus clone 324 where the breeder is charging £25 GBP (45 USD; 5000 JPY) per bulb. However, this approach would not be suitable for the rapid commercialisation of a new Narcissus cv. In this case, hundreds of thousands of bulbs would need to be produced quickly and economically and mass propagation techniques would need to be investigated. Where labour is relatively cheap, the more labour intensive methods of propagation may be more viable for at least part of the commercialisation process. But in many countries, the labour is the most expensive part of the propagation process. In these cases, if the quest is the rapid commercialisation of a new cv., more rapid and economical methods need to be found. Bioreactors may well be the solution (Paek et al., 2001) , and temporary immersion bioreactors look particularly promising (Etienne and Berthouly, 2002) . Experimentation with bioreactors and flower bulbs is now occurring in some places around the world. The survey points towards Israel (M. Ziv, pers. commun.) and The Netherlands (H. Bouman, pers. commun.; J. van Tuyl, pers. commun.; Osmotek Ltd, pers. commun.) as having some commercial scale bioreactor production systems currently in use.
PROTECTION
Pests and diseases in bulb crops can cause enormous losses. In a study in the USA, bulb producers said that potential losses to most of the major pests and diseases of Narcissus, Tulipa, Iris and Lilium could be up to 100% (Chastagner, 1998) .
Depending on the bulb crop involved and the growing environment, different measures may be taken to protect crops from pests and diseases. Protection may involve exclusion, eradication, preventative measures to make conditions unfavourable to the assailants and/or the use of genetically resistant planting material. Historically, successful control has used some or all of these. An integrated approach utilizing multiple control methods has been successfully employed in many instances. In nearly all commercial production systems world wide, there is a heavy reliance on the use of agrochemicals for at least part of the pest and disease management strategy.
Nowadays, there is increasingly a pressure to reduce the use of agrochemicals in flower bulb production. So where agrochemicals are usually used in protection, how can we continue to protect our crops and at the same time reduce agrochemical use? In some cases, cultural techniques may be able to keep pests and diseases to an acceptable level without agrochemical use. Cultural techniques include the use of disease free and less susceptible planting material, hot water treatment of bulbs, annual digging, early digging, deep digging, late planting, planting in well aerated and drained soils, planting in right soil type and soil pH control, planting cvs. that do not show virus symptoms away from other cvs., planting largest bulbs, reduction of planting densities, removal of flowers before becoming infected or prior to flower drop, oil sprays to reduce attack by virus transmitting aphids, aphid screening, roguing, allowing bulbs to mature properly prior to harvest, early harvest of bulbs, annual harvests, destruction of infected bulbs, removal of infected soil and limitation of movement of infected soil, rapid bulb drying at harvest, avoidance of bulb damage, storage in moderate humidity with good air circulation, disinfection of tools, trays and equipment, control of weeds that are alternative hosts, elimination of crop and weed debris and crop rotation. An in depth study was made in The Netherlands which found that it may be possible to balance the economic losses when using environment orientated production systems by making strategic choices at the farm level, such as renting out land and allowing a soil health improving program (Rossing et al., 1997) . However, where the adoption of alternative cultural practices is not appropriate, there is the need to consider other possibilities to reduce agrochemical reliance.
In some cultivated bulb genera there are wild relatives and/or some cvs. which are resistant to some pests and diseases which plague their cultivated cousins. However, even where they are sexually compatible, many flower bulbs have such long sexual cycles that it precludes crossing and back crossing to incorporate the resistance. In these cases we need to look at other approaches. One option may be genetic engineering to introduce resistance genes. From the survey there are current or recent transformation projects on Ornithogalum for virus resistance (R. Kleynhans, pers. commun.) and on Gladiolus for virus and Fusarium resistance (K. Kamo, pers. commun.) . GM technology may prove effective, but in some countries its use is not possible politically and the production of genetically modified (GM) crops is very restricted or illegal. However, another option to speed up the incorporation of resistance may be marker assisted breeding. This technology combines traditional breeding with modern approaches that can track DNA sequences. It is possible to locate and then follow resistance traits from generation to generation and select resistant plants at the seedling stage, thus removing the need for lengthy and expensive field trials.
From the survey there are some reports of marker assisted breeding work going on (N. Anderson, pers. commun.; D. de Boer, pers. commun.) while others are using molecular and seriological techniques to diagnose the presence of disease (H. Pappu, pers. commun.; P. Knippels, pers. commun.).
AIMS FOR NARCISSUS
Species and cvs. from the Narcissus genus are widely grown as ornamentals. However, the desire for new and improved cvs. for the commercial market is hindered by the slow rate of sexual and vegetative propagation found within the Narcissus genus. Narcissus species/cvs. have a juvenile period of 3 to 8 years (Chan, 1952; Jamiolkowska and Zawadzka, 1971; Rees, 1972; Koopowitz, 1986) and it has been estimated that it takes 25-30 years to produce enough bulbs to complete cv. trials and to bulk-up stock for the commercial release of a new cv. (Thompsett, 1996) . A rapid and economical method of mass propagation of new cvs. is required. Existing procedures of chipping and twin scaling (Fenlon et al., 1990) , and many micropropagation techniques (e.g. Chow, 1990; Squires and Langton, 1990; Bergoñón et al., 1992; Chow and Selby, 1992; Langens-Gerrits, 1996; Sage et al., 2000) are either unable to produce the required number of propagules fast enough or are not economically viable for the rapid development of new commercial cvs. (Squires and Langton, 1990; George, 1993) . Cloning systems using liquid media in bioreactors might provide a means for more rapid and economical production of new commercial Narcissus cvs.
Conventional control of Narcissus pests and diseases, primarily via agrochemicals, can be a substantial ongoing expense and cause environmental concerns. Introgression of genes for pest and disease resistance should improve control measures. In terms of plant protection, basal and neck rot (both caused by Fusarium oxysporum f. sp. narcissi) are the worst problems faced by the UK Narcissus industry. They are the biggest single cause of yield and quality reductions. However, there is resistance to F. oxysporum f. sp. narcissi found within Narcissus germplasm, but traditional breeding methods would take decades, even centuries to incorporate it into new, commercially desirable cvs. Transformation could provide a more rapid means to move advantageous genes between Narcissus species/cvs., and allow introduction of genes from other genera. A transformation protocol has been developed for Narcissus (Sage, 2002) , but current political legislation does not permit the development of GM Narcissus in the UK. A similar situation exists with many crops in many countries throughout the world. Without permission to use GM technology, we need to find an alternative method to introduce resistance to problems such as basal rot in Narcissus that does not take as long as traditional breeding techniques. One such technique may be marker assisted breeding using amplified fragment length polymorphisms [AFLPs] (Zabeau and Vos, 1993) .
The following investigation studies the production and regeneration of nodular 'callus'. The aim was to produce a highly productive somatic embryogenesis system. The study then goes on to look at the behaviour of nodular callus in bioreactors, as a move towards an economical mass cloning system for Narcissus. The study also investigates AFLP technology, as a means to marker assisted breeding of Narcissus for basal rot resistance and as a clonal uniformity checking measure for tissue cultured Narcissus.
The word 'callus' in this paper is used in the broadest sense of the word as used by many people world wide. 'Nodular callus' may well be synonymous with nodular material, nodules, meristematic clusters, meristematic nodules, nubbins and meristemoid aggregates or a parallel developmental pathway of them (Sage, 2001 ).
NARCISSUS RESEARCH: MATERIALS AND METHODS

Media Preparation
The basal MS (Murashige and Skoog) (Murashige and Skoog, 1962 ) medium used consisted of MS with micro and macro elements and vitamins (Melford laboratories, UK), sucrose (87.6-262.8 mM) and 0.6 % (w/v) agar (both from Merck, UK), pH 5.65 (prior to autoclaving for 5 min at 121°C). Where required, media were supplemented with one or more of the following growth regulators: 4-amino-3,5,6-trichloro-2-pyridinecarboxylic acid (picloram), benzyl adenine (BA), 2,4-dichlorophenoxyacetic acid (2,4-D), indole-3-butyric acid (IBA), 1-naphthaleneacetic acid (NAA) (all from Sigma-Aldrich, UK), thidiazuron (TDZ) (Melford laboratories, UK). Where used, these were added before autoclaving except TDZ that was aseptically added after to media cooled to at least 65°C. Media were dispensed into either 30 ml volume Coulter counter pots (CCPs; consisting of polystyrene body and polyethylene cap with 10 ml medium per CCP), 90 mm diameter polypropylene Petri dishes (10 mm deep, triple-vented or 20 mm deep, hexi-vented ['deep' Petri dishes] both with 25 ml per dish) sealed with Nescofilm, or 350 ml volume glass 'honey jars' with a polyethylene cap and 50 ml of medium. All culture vessels were from Greiner Labortechnik, Gloucester, UK except the honey jars which were from Astell Scientific, UK.
Culture Conditions
Cultures were maintained in the dark in a growth room at 23 ± 2°C for all culture stages until bulbing was completed. Bulb sprouting was carried out in a growth room at 4 ± 2°C in the dark and sprouted bulbs were acclimitised to ambient conditions in a polytunnel.
Preparation and Culture of Scape Explants
Bulbs were harvested in late summer, hot water treated (Gratwick and Southey, 1986) and then stored for 2 months at 20°C in the dark prior to use. Terminal bulb units were dissected from sexually mature bulbs of Golden Harvest (GH) and St. Keverne (SK) and surface-sterilised in a 10% (v/v) aqueous solution of 'Domestos' commercial bleach solution (Lever Bros., London), giving at least a 0.5% (v/v) final concentration of NaOCl, for 5 min on a rotary shaker. These explants were then rinsed at least three times with sterile water deionised by reverse osmosis. Entire scapes were excised, cut transversely into four equal slices and then cultured with their basipetal cut-surfaces away from the culture medium.
Induction of Nodular Callus
Scape explants were placed, four per Petri dish, on basal MS medium with 87.6 mM sucrose, 0.5 µM BA and either 0 (control), 5, 10, 20 or 40 µM auxin (2,4-D, NAA or picloram). The explants were randomised so that each Petri dish contained one explant from each of the four locations up the scape and from four different terminal bulb units. Scape explants from 20 terminal bulb units were used for each treatment. The 13 treatments were randomised in 13 blocks and incubated in the dark. Explants were subcultured monthly to similar media. From week 8, explants were subcultured into 'deep' Petri dishes. At week 34, white and yellow nodular callus (WNC and YNC respectively) from the medium with 0.5 µM BA in addition to 40 µM picloram, was removed completely from explants prior to subculture. Subsequently, vigorously growing nodular callus of both colours were retained to create different nodular callus lines.
Trial Regeneration of White and Yellow Nodular Material
WNC and YNC were placed separately onto one of six possible regeneration media. These consisted of basal MS medium with 87.6 mM sucrose, 0.5 µM auxin (2,4-D, NAA or picloram), together with 5 µM of either BA or TDZ in CCPs. Part of each callus line was divided into six segments of equal volume and one piece was placed onto the six different treatments. Ten callus lines of WNC were used and 20 of the YNC. Cultures were maintained in the dark and callus was subcultured to fresh media of similar compositions each month. After 16 weeks, cultures derived from WNC were transferred separately to 50 ml of bulbing media (basal MS medium but with 262.8 mM sucrose) in honey jars (dark; 23 ± 2°C) and were no longer subcultured. After 10 months, data were analysed for the numbers of bulbils produced. Cultures of YNC were not subcultured further and after 11 months were analysed for bulbil production. Data for regeneration were analysed using a generalised linear model (McCullaugh and Nelder, 1989) using negative binomial error with aggregation parameter k=1.6, and log link.
Quantified Regeneration of WNC
WNC was weighed and placed onto basal MS medium with 87.6 mM sucrose and 0.5 µM NAA together with 5 µM of either BA or TDZ in CCPs. At week 6, the cultures were subcultured to similar media in CCPs and at week 12 to similar media in honey jars. At week 26, cultures were transferred to basal MS medium with 262.8 mM sucrose and no plant growth regulators in honey jars. At week 46, cultures were moved to basal MS medium with 14.8 µM IBA (dark, 4 ± 2°C) in honey jars, for sprouting. At week 59, the honey jars were moved to a polytunnel to allow greening of shoots and two weeks later the shoot clusters were dipped in a 0.5 % solution of Storite (Storite clear liquid, Navartis AG, Basel, Switzerland) and planted in compost (Levington M2 compost, Littleton-Badsey Growers, Worcestershire, UK). The number of green shoots was recorded on planting and above ground shoots were recorded again in March the following year. The experiment was repeated once. Bulbils from year 1 were dug up in late summer and 108 of each cv. (54 from the BA and 54 from TDZ treatment) were planted outside in a randomised design, with rows of the original cvs., for phenotypic uniformity analysis.
Numbers of shoots at both assessment dates for both years were analysed using a generalized linear model with poisson error and log link. Due to the substantial overdispersion, statistical significance was tested using the appropriate approximate F test, and presented standard errors are adjusted to allow for the overdispersion.
Trial Micropropagation with WNC in 'RITA' Temporary Immersion Bioreactors
A preliminary study of the behaviour of Narcissus nodular callus in 'RITA' vessels was made, with proliferation, regeneration and bulbing media like that on semi solid medium but without agar. Nodular callus lines of GH and SK were inoculated (approximately 4 cm 3 ) into 'RITA' vessels with MS medium, 87.6 mM sucrose, 40 µM picloram and 0.5 µM BA (proliferation medium). These were given an immersion of 1 min. per day and were subcultured after 1 month to MS medium, 87.6 mM sucrose, 5 µM TDZ and 0.5 µM NAA (regeneration medium). Further subcultures were made at 4-7 week intervals and after nine more months they were subcultured to MS, plant growth regulator free medium with 262.8 mM sucrose (bulbing medium). Further subcultures were at 1-3 month intervals and after a further 10 months bulbils were removed from vessels and sprouted and transferred to compost in a similar way to those in 'Quantified regeneration of WNC' above.
AFLP Protocol
The protocol of Soengas (P. Soengas, pers. commun.) based on that of Gibco AFLP Analysis System 1 & Celia James, East Malling, UK was followed.
RESULTS AND DISCUSSION
Induction of Nodular Material
In general, the higher levels of plant growth regulators produced more nodular callus. White (WNC) and yellow (YNC) nodular callus was formed (Fig. 1) must abundantly with picloram, closely followed by 2,4-D. The response on medium with 40 µM picloram was very good and WNC and YNC from this was used to create lines for further experimentation.
Trial Regeneration of White and Yellow Nodular Material
There was regeneration (other than roots) from most of the WNC cultures with both cvs. and all treatments. However, the type of regeneration was too complex to monitor (Fig. 2) including apparently somatic embryos, shoots and other unidentifiable structures. WNC cultures were therefore moved to a bulbing medium to try to produce bulbils that could be scored. After 6 months on 'bulbing' medium (Fig. 3) , the WNC cultures were scored for bulbil formation (Table 1) . SK produced significantly more bulbils than GH (P<0.001). There were no significant differences between auxin treatments in terms of number of bulbils produced, but differences between TDZ and BA were highly significant (P<0.001) with TDZ yielding more bulbils.
In comparison to WNC, the YNC regenerated poorly. For SK, at the end of a 16 week regeneration period, the YNC had not regenerated any of the structures seen with WNC regeneration (other than roots). With GH, only eight cultures had regeneration similar to that described for the WNC above (Fig. 2) , across all media types (data not shown).
Quantified Regeneration of WNC
The number of shoots for GH and SK varied between November and March in both years for TDZ and BA treatments. In the first year BA was better than TDZ (P<0.001) for both cvs. in November but the effect had gone by March. There were no significant differences between the replicate clonal lines, or interactions with treatment on either occasion. In the second year, there was high variability between replicates, and apparent inconsistent effects of treatment for different replicates. This variability concealed any treatment effects. A third quantified regeneration is underway to try to decide which is better to use, BA or TDZ. What can be said about the second year is that over all there were fewer bulbils produced than the first year. This may be an effect of aging callus lines. If so, then different replicate lines ageing differently might account for the high variability in the second year.
Perhaps the most useful data is that in March, as these are shoots that are alive during this major point of shoot growth and are likely to be those which ultimately yield bulbils at the end of the growing season. The mean number of shoots g -1 based on the counts in March is given in Table 2 . Note that in year 1 the data for the callus lines is pooled, but in year 2 it is given as separate lines due to the variation between lines. Scaling up, the maximum number of shoots g -1 callus recorded in either growing season was 519 g -1 for GH and 309 g -1 for SK, both recorded in the first year and with BA treatment. The aim of the work was to try to produce an embryogenic callus, capable of high yields of embryos. Characteristically, the embryogenic calli of herbaceous monocots are compact, organised and generally white in colour and grow slowly (Vasil and Vasil, 1986) . This description would fit the kind of calli produced in this paper, but, it would appear that from both the 'Trial regeneration of white and yellow nodular material' and this experiment (Fig. 4, 5 and 6 ) that embryogenic and organogenic pathways were occurring simultaneously. However, in a mass propagation protocol for Narcissus (and probably many other bulbous ornamentals) the type of regeneration (embryogenic or organogenic) is probably not as significant as with some other genera. This is because of the ease by which both shoots and somatic embryos ultimately produce bulbils with a shoot meristem and a basal plate capable of producing roots. Both routes have a similar end point, from which bulbils can be converted into plants.
Nodular callus lines of GH and SK that were 6 years old were still able to regenerate. There are other reports of long term regeneration of nodular callus in bulbous ornamentals that yeild clonally uniform progeny. For example, nodular callus of Lilium x formolongi hort. regenerated well after 4 years and a random selection of 50 plants all proved to be diploid and phenotypically normal (Godo et al., 1998) .
In this study, microscopic observations were also made of the internal structure of calli (data not shown). This indicated that the calli were organised. Such organisation in calli usually means they can regenerate long-term and produce genetically-stable plants (George, 1993 and . Tissue from plants used to generate callus lines has been stored for DNA extraction. Eventually AFLPs of the plant material will be compared with those of the progeny from their callus lines. These analyses will back up phenotypic data to confirm the clonal integrity of the regenerants and thus the validity of the nodular callus regeneration system. Fig. 7-11 demonstrates the production of sprouted bulbils from WNC, with the first three images being within a 'RITA' bioreactor. This study demonstrates the suitability of RITA to produce bulbils from nodular callus that are then capable of subsequent sprouting and normal growth. However, the rate of production in this preliminary trial was slow. Slow callus growth for Narcissus has been noted previously (C. Codina, pers. commun.) . Experiments are now concentrating on speeding up the process, concentrating initially on immersion frequency.
Trial Micropropagation with WNC in 'RITA' Temporary Immersion Bioreactors
AFLP Results
After screening many combinations of three and four base pair primers, primer pairs were selected. Selection criteria was on those giving a large number of bands, well spread in terms of size and showing many polymorphisms between the fairly basal rot resistant cv. SK and the fairly sensitive cv. GH. Screening will now begin on populations of even more resistant and sensitive lines derived from crosses of SK x GH and selfs of the two parents. Basal rot resistance/sensitivity of these lines was characterised by the pot test method (J. Carder, pers. commun.). An attempt to derive further populations useful for locating basal rot AFLP markers is underway. According to the pot test method, the diploid species N. jonquilla is totally resistant to basal rot while the diploid N. pseudonarcissus var. pseudonarcissus is a very sensitive species. Efforts to cross these are now being made. In addition, the tetraploid species N. viridiflorus is also totally resistant to basal rot according to the pot test method. An attempt to cross this with the commercial and sensitive tetraploid cv. Golden Harvest is underway. Further selfings of progeny could help lead to basal rot resistance markers. In addition, as many commercial cvs. in the UK are tetraploid, a cross between GH and N. viridiflorus may produce useful breeding material to incorporate basal rot resistance into commercial cvs.
CONCLUSION
Different propagation and protection strategies may be relevant to the same crops in different parts of the world. The differences may depend on environmental, economical and political situations. Where labour is expensive, more rapid and economical propagation techniques are needed for the rapid commercialisation of new cvs. Bioreactors might be the answer. The temporary immersion bioreactor RITA, might lead to a mass propagation system for Narcissus. In terms of protection, in many cases cultural practice alone is not enough for viable production systems. However, there is a global need to reduce agrochemical use. Where GM technology is not allowed or is not appropriate, marker assisted breeding might provide a more rapid system to incorporate resistance from wild species or other cvs. into new or improved cvs. The use of AFLP technology in breeding basal rot resistant Narcissus cvs. might prove effective. 12.6 ± 2.9 29.7 ± 6.9 Picloram + TDZ 11.0 ± 2.7 25.9 ± 6.0
Values are derived from the output of the analysis (means ± standard errors). 
